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INTRODUCTION 
In a  previous paper methods were described for estimation of the 
sulfhydryl (SH) and disulfide (S-S) groups of proteins.  It was shown 
that in a  denatured but unhydrolyzed protein the number of groups 
detectable is the same as that found in the hydrolyzed  protein (Mirsky 
and Anson, 1934-35)3  With the same methods, applicable to native 
as well as to denatured proteins, it is found that in some native proteins 
no SH and S-S groups can be detected, while in others a fraction of the 
number present when the protein is denatured can be detected.  In 
this paper it is shown that when a protein is partially denatured, that 
is when part of it is converted into a form insoluble under conditions 
under which the native protein is soluble, the insoluble fraction has the 
number of reactive SH and  S-S  groups characteristic of completely 
denatured  protein,  whereas  the  soluble  fraction  has  the  number 
characteristic of protein which has not been denatured at all.  When 
denaturation is reversed, when insoluble protein is converted into sol- 
uble protein, groups which have been detectable are so no longer.  In 
the interfacial coagulation of a protein, that is, when a film of insoluble 
protein forms at the surface of a protein solution, groups appear, the 
number detectable being  the  same  as  that  found in the hydrolyzed 
protein.  When a protein is coagulated by irradiation with ultraviolet 
a This paper will be referred to as (Paper I). 
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light, groups are detectable in the insoluble protein, and the number of 
groups is not increased by subsequently exposing the insoluble protein 
to a  typical denaturing agent, such as acid.  Finally, when a protein 
is converted by urea into a  form which has an increased number of 
S-S groups, that form is insoluble in a medium in which native protein 
is soluble.  These new experimental results may be summarized by 
saying that,  in denaturation, formation of insoluble protein and in- 
crease in detectable SH and S-S groups are closely linked phenomena. 
Denaturation, then, is a  definite chemical reaction in which different 
quantitative methods give the same values for the extent of denatura- 
tion; a given protein molecule is either completely  native or completely 
denatured.  Another conclusion to be  drawn from the experimental 
results  now  reported  is  that  denaturation is  a  reversible  reaction 
as indicated not only by changes in solubility but  also  by  changes 
in the behavior of S-S groups.  These conclusions are in harmony with 
our previous observations on hemoglobin and on trypsin.  In the case 
of hemoglobin, the same results are obtained whether denaturation 
and its reversal are followed by changes in solubility, in spectrum, or in 
digestibility (Anson and Mirsky,  1933-34b).  In the case of trypsin 
the same results are obtained whether denaturation and its reversal 
are followed by changes in solubility or in enzymatic activity (Anson 
and  Mirsky,  1933-34a). 
Appearance of Insoluble Protein and SH Groups in Denaturation by 
tteat 
To  investigate the appearance of groups  in  denaturation  the de- 
naturation of egg albumin by heat has been used.  In this process 
both  SH and S-S groups appear,  but these observations have been 
limited to  the former.  Egg albumin solutions were heated so that 
varying portions  (from 16 per cent to 83 per cent) were coagulated. 
The soluble and insoluble parts of these protein mixtures were sepa- 
rated  and  each  fraction  examined for  SH  groups.  No  SH  groups 
could be  detected in  any of the  fractions  of soluble  protein.  The 
method used (Paper I) was to treat the protein with a cystine solution 
part of which is reduced to cysteine by protein SH groups if any are 
present.  No cysteine was formed.  In each of the insoluble fractions, 
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indeed,  no  SH  groups  in  the  protein  that  were not detectable, for 
there were no additional  groups that  appeared on hydrolysis.  This 
was demonstrated  by treating  the  protein  SH groups  with  cystine, 
hydrolyzing  the  protein,  and then finding practically no cysteine in 
the hydrol~ysate.  A control experiment showed the easily measurable 
amount of cysteine found in the hydrolysate of coagulated albumin if 
the treatment with cystine is omitted.  Thus in the partial denatura- 
tion  of  egg  albumin  the  soluble protein  fractions  contained  no  de- 
tectable  SH groups;  the insoluble  fractions contained no SH groups 
that  are not detectable. 
Reappearance of Soluble Protein and Disappearance of S-S Groups on 
Reversal of Denaturation 
To study the behavior of S-S groups during the reversal of denatura- 
tion serum albumin was used.  It has been shown that it is possible to 
convert  about  60  per  cent of a  denatured  insoluble  serum  albumin 
preparation  into  a  soluble form indistinguishable  from native  serum 
albumin  (Anson  and  Mirsky,  1930-31).  These  experiments  were 
repeated, and the number of S-S groups estimated in native albumin, 
in  denatured  albumin,  and  in  the  mixture  of  reversed  and  non-re- 
versed albumin.  In the  denatured  protein the number of groups  is 
equal to the number found when the protein is hydrolyzed.  Of these 
groups about 23 per cent are  detectable in  the native protein.  On 
reversal some of the groups detectable in the denatured protein  dis- 
appear, the number disappearing being equivalent to that which would 
be expected if the reversed albumin has the number of groups charac- 
teristic  of  native  albumin.  Since  native  serum  albumin  contains 
some detectable S-S  groups,  it  is apparent  that  presence of SH  2 or 
S-S  groups does not in itself indicate that part of a protein system is 
in the denatured form.  What can be said is that when the number of 
SH and S-S groups increases or decreases that denaturation or reversal 
of  denaturation  has  occurred.  3  Estimation  of  these  groups  can, 
2 Some proteins, in contrast to egg albumin, while in their native state contain 
a certain number of detectable SH groups. 
8  It will be shown in the following paper  that this statement  is true only ifp 
when the numbers of groups are estimated, the various protein preparations are 
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accordingly, serve as a  valuable indication of the occurrence of de- 
naturation in protein systems in which the usual test for denaturation, 
loss of solubility, is either inapplicable or inadequate. 
Appearance of Sit Groups in Interracial Coagulation 
When a protein forms a unimolecular film at an aqueous interface, 
it loses its solubility in water, for if the film is dispersed the protein 
does not redissolve.  If before the film forms, the protein is readily 
soluble  in  water,  some  change in  the  protein  must  have  occurred 
during formation of the film.  In this respect the  "spreading" of a 
protein film differs from that of an insoluble fatty acid, for when the 
latter spreads there is no reason to suppose that a  change in its con- 
stitution  occurs.  Investigators  of  protein  films,  interested  mainly 
in the size and shape of the protein molecule in a film, have paid little 
attention to possible changes in constitution of the protein.  Since the 
protein in a film is insoluble, coagulated, it is important to compare its 
chemical  properties  with  those  of  proteins  rendered  insoluble  by 
denaturing agents such as heat and acid.  For this purpose egg albu- 
min is a  suitable protein since it readily coagulates at an air-water 
interface.  A  large quantity of coagulated egg albumin is obtained 
by shaking an albumin solution.  As soon as a  film forms, it is dis- 
lodged by the agitation,  leaving place for a  new film to form.  To 
estimate the number of detectable SH groups in the insoluble protein, 
the method (Paper I) used was to treat it with iodoacetate which reacts 
with SH groups if any are present.  The excess of iodoacetate is re- 
moved, the protein is hydrolyzed, and the cysteine content of the hy- 
drolysate is estimated.  The cysteine content of protein that has not 
been treated with iodoacetate is also estimated.  The  decrease in cys- 
teine content of protein treated with iodoacetate is  a measure of the 
number of its SH groups that reacted with iodoacetate.  In native egg 
albumin no Sift groups react with iodoacetate; in insoluble albumin all 
the  SH groups contained in the molecule react with iodoacetate, for in 
the hydrolysate  practically no cysteine is found.  When ferricyanide is 
used to react with SH groups, the same results are obtained.  With 
respect to activity of its SH groups, then, egg albumin coagulated at 
an interface is  the  same as  egg albumin  coagulated by typical de- 
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Appearance of Insoluble Protein and SH Groups in Denaturation by 
Ultraviolet Light 
In  egg albumin  denatured by ultraviolet light,  the  nitroprusside 
test shows that SH groups are present.  Our experiments demonstrate 
that in egg albumin denatured in this way, all the SH groups  con- 
tained in the molecule are detectable, for no increase in the number of 
detectable groups occurs on adding an excess of acid.  The protein 
rendered insoluble by irradiation with ultraviolet light is treated with 
iodoacetate, as the result of which the nitroprusslde test fails to show 
any SH groups, and none become detectable after adding an excess of 
tfichloracetic acid. 
Appearance of S-S Groups and of Insoluble Protein in 
Denaturation by Urea 
Denatured protein formed in a number of different ways--by heat, 
acid, alkali, alcohol, surface action, ultraviolet light--manifests SH and 
S-S groups.  Afterit had been found that urea denatures  proteins (Rams- 
den, 1902,1913; Anson and Mirsky, 1929-30), Hopkins (1930) observed 
that in these denatured proteins too,  the groups  are present.  Since 
so many different agents cause a loss of solubility which is accompanied 
by appearance of SH and S-S groups, the loss of solubility and the ap- 
pearance of groups appear to be closely linked.  In the denaturation 
of serum albumin  by urea,  however, Hopkins  believes that  he has 
caused  SH  groups  to  appear  without  the  formation  of  insoluble 
protein.  We have found that the formation of insoluble protein can 
be demonstrated if the test is properly carried out. 
Hopkins observed that when a concentrated urea solution is added 
to serum albumin there is a prompt appearance of S-S groups but that 
on removal of the urea by dialysis no insoluble protein can be detected. 
From this observation, which we have confirmed, he concluded that 
appearance of S-S groups and appearance of insoluble protein are not 
necessarily correlated.  It should be noted that Hopkins  tested  for 
S-S groups before the removal of urea and for insoluble  protein after 
the removal of urea.  We have observed that if the solution of serum 
albumin in  urea is poured into  a  large volume of concentrated salt 
solution (in which native serum albumin is soluble) 95 per cent of the 
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protein are both made under the same conditions before the removal of 
urea,  then no evidence can be found for the appearance of S-S groups 
without  the  appearance  of  insoluble  protein.  The  reason  Hopkins 
could detect no insoluble protein after dialysis  (in our experiments  a 
small part of the protein precipitated during dialysis) is that when urea 
is  removed  much  of  the  denatured  insoluble  protein  changes  into 
native  soluble  albumin  just  as  hemoglobin  denatured  by  salicylate 
(which acts like urea) changes into native soluble hemoglobin when the 
salicylate  is  removed  by  dialysis  (Anson  and  Mirsky,  1933-34b). 
EXPEI~  IM-ENTAL 
I.  The Heat Denaturation of Egg Albumin 
(a) Partial Coagulation.--A thick paste of egg albumin crystals in ammonium 
sulfate was diluted with water to obtain a solution containing 0.05 grn. of albumin 
per cc.  For each experiment 30 cc. of this solution were transferred  to a 250 cc. 
centrifuge flask and diluted with 20 cc. water and 20 cc. of a solution prepared by 
dissolving 20 gm. Na~SO~ in  100 cc. of ~r/5 pH 4.8 acetate buffer.  The sodium 
sulfate-acetate  mixture  was used  to ensure  complete  precipitation  of denatured 
albumin.  The flask containing  the albumin  solution  was placed in a water bath 
kept at 95°C.  As coagulation proceeded the albumin mixture was gently stirred. 
Times of heating were adjusted so that the quantities  of coagulated protein varied 
from 16 to 83 per cent of the total protein  present.  Mter heating,  the albumin 
mixture  was cooled under the tap and centrifuged.  The supernat~nt  fluid was 
filtered to remove the few floating particles  usually present. 
(b) SH Groups of Uncoagulated Protdn.--To  the  clear  filtrate  was  added  an 
equal volume of saturated ammonium sulfate to precipitate  completely the native 
albumin remaining in solution, and the suspension was faltered.  The precipitated 
albumin,  scraped off the filter paper,  and transferred  to a 50 cc. centrifuge tube, 
was now ready for estimation  of SH groups.  No more than approximately  400 
mg.  of this  protein  were  used.  Estimation of  SH groups  was  by the "direct" 
method (Paper I) in which the protein is mixed with an excess of a cystine solu- 
tion part of which is reduced to cysteine if reactive protein  SH groups are present. 
The quantity of cysteine formed is equivalent  to the number of protein SH groups 
present.  This method, previously  used for denatured proteins,  may be used for 
native proteins  if the precaution is taken of not making the cystine solution em- 
ployed so alkaline as to denature the protein.  Sodium hydroxide was accordingly 
added to  the cystine  until  the solution  was definitely  blue  to thymol blue  but 
colorless to thymolphthalein. 
(c) SH Groups of Coagulated Protein.--The  coagulated  albumin  remaining  in 
the flask after centrifuging was thoroughly washed to free it of any adhering native A.  E.  MIRSKY  AND  M.  L.  ANSON  433 
protein.  To do this the precipitate was mixed with 200 cc. of water and 15 cc. 
of the sodium sulfate acetate mixture, stirred mechanically for 30 minutes, and 
then centrifuged.  When the supernatant fluid  no longer gave a  precipitate on 
addition of 20 cc. of a 50 per cent trichloracetic acid solution, washing was stopped. 
To test for SH groups a portion of the precipitate containing at the most 700 rag. 
of albumin was transferred to a  250 cc. centrifuge flask, stirred with 200 cc. of 
water, and 40 cc. of saturated (NH02SO4, centrifuged and the supernatant fluid 
discarded.  The albumin was suspended in 200 cc. of a cystine solution like that 
used for estimating SH groups and was gently stirred for an hour, when 25 cc. 
of 50 per cent CCIsCOOI-I were added.  The mixture was centrifuged, the  super- 
natant fluid being discarded.  The precipitated albumin was washed three times 
with water and  trichloracetic acid,  dried,  hydrolyzed, and finally the  cysteine 
content of the hydrolysate was estimated.  The total quantity of albumin that 
had been coagulated consisted of the part which was treated with cystine and 
then dried, and of the part which was not treated with cystine.  The former was 
weighed  and the latter was estimated colorimetricaUy with  the phenol reagent. 
In addition to testing the SH groups of the part of the albumin which had been 
coagulated by heat and the part of the albumin which was stiU soluble,  we esti- 
mated by the direct cystine reduction method the SH groups of albumin made 
completely insoluble  by heat, .and we estimated by the colorimetric method pre- 
viously described (Paper I)  the total cysteine content of the hydrolysate of al- 
bumin coagulated by trichloracetic acid. 
RESULTS 
The cysteine content of hydrolyzed egg albumin was 0.616 per cent. 
Heat coagulated  egg albumin contained 0.56 per cent of SH groups. 
SH groups are recorded in  terms of cysteine, that is as the  quantity 
of  cysteine  which  would  have  the  same sulfur  content,  the  amount 
being expressed as per cent of the total amount of protein.  In experi- 
ments on partial heat denaturation  the  quantity  of insoluble protein 
formed varied from 16 to 83 per cent.  In no case could any SH groups 
be detected in the soluble albumin fraction; that is, none of the cystine 
with  which  the  soluble  albumin  was  treated  was  converted  into 
cysteine.  The insoluble fractions, treated with cystine and then pre- 
cipitated,  washed,  and  hydrolyzed,  formed  with  phosphotungstate 
blue  colors  so  faint  that  the  cysteine  contents  of  the  hydrolysates 
could not  be estimated  accurately,  an indication  that practically all 
of the  SH groups contained in the  protein had been oxidized by the 
cystine  and  hence  were present  in  the  insoluble,  but  unhydrolyzed, 
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II.  Reversal of Denaturation  of Serum Albumin 
Native, denatured,  and  reversed horse  serum albumin were prepared as de- 
scribed by Anson and  Mirsky  (1930-31).  A  precipitate of denatured albumin 
was prepared in the following manner:  400  rag.  of the acid-acetone powder of 
albumin were dissolved in 20 cc. of water.  The solution was immersed in boiling 
water until its temperature reached 95°C. when to it were added a mixture at 100°C. 
containing 40 cc. 5/5 acetate buffer of pH 4.8 and 2.6 cc. N/5 NaOH.  The al- 
bumin suspension was cooled rapidly to about 40°C. under the tap, divided into 
2  equal parts, and centrifuged.  The supernatant fluids, in which only a  slight 
haze appeared On addition of trichloracetic acid, were discarded. 
The denaturation of one sample of precipitated albumin was partially reversed 
as follows: The precipitate was suspended in 10 cc. of water, and a clear solution 
was obtained by adding 3 cc. N/5 hydrochloric acid.  To the solution just enough 
N/5 NaOH was slowly added to re-dissolve the precipitate of albumin that gradu- 
ally formed.  The solution was now  blue to brom-thymol-blue and faintly red 
to phenol red. 
The number of S-S groups of partially reversed and of non-reversed albumin 
was  now  estimated.  For this purpose the first step was to reduce the protein 
with thioglycollic acid.  After reduction SH groups were detectable in the pro- 
tein whereas originally none  was  present, and the'number of SH groups formed 
was a  measure of the number of S-S groups present in the protein.  SH groups 
formed were estimated by hydrolyzing the protein and estimating the cysteine 
content of the hydrolysate.  The hydrolysate of serum albumin not treated with 
thioglycollic acid contains no cysteine.  The quantity of cysteine in the hydroly- 
sate treated with  thioglycoUic acid was  therefore equivalent to  that portion of 
the cystine of the protein which was originally present as reducible S-S groups in 
the  unhydrolyzed protein.  The  partially reversed albumin was reduced under 
precisely the  same  conditions.  To  the  precipitate of  denatured  protein  were 
added 15 cc. of a concentrated sodium sulfate solution kept at 30°C. (this solution, 
to be referred to again, contained 40 gm. of the anhydrous salt dissolved in 100 
cc. of water), and in the solution of reversed protein, warmed to 30°C. were dis- 
solved 6  gm. of anhydrous sodium sulfate.  A  neutralized thioglycollic mixture 
was made at 30  ° by adding to 2 cc. of acid enough 0.4 N KOH (dissolved in con- 
centrated sodium sulfate) to make the solution just red to phenol red and then 
an additional 5 cc. of alkali, 15 cc. ~r/1  pH  7.3  K~HPO4-KH2PO4  buffer,  45  cc. 
concentrated sodium sulfate, and finally 6 gin. of anhydrous sodium sulfate.  One- 
half of this mixture was added to the partially reversed serum albumin and the 
other half to the non-reversed albumin.  The protein suspensions, contained in 
100  cc. stoppered Erlenmeyer flasks, were kept at 30  °  with  frequent  agitation 
for 30 minutes.  At the end of this time the proteins were freed of thioglycollic 
acid  by  prolonged washing  with  trichloracetic acid  (Paper  I).  Trichloracetic 
acid was removed from the precipitates by transferring them to 30 cc. collodion 
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necessary to remove trichloracetic acid because otherwise on subsequent addition 
of acetone, part of the albumin would dissolve.  The proteins were then dehy- 
drated in acid-acetone, dried, hydrolyzed, and the cysteine contents of the hydroly- 
sates were estimated by the method previously described (Paper I). 
The S-S ~oups of native serum albumin were estimated in the same  way as 
were those of denatured  and partially reversed protein.  During the  reduction 
process native albumin was precipitated by sodium sulfate at 30  °  . 
The quantity of albumin that becomes soluble  on reversal was estimated in 
the manner previously described (Anson  and Mirsky, 1930-31). 
RESULTS 
S-S groups are recorded  in terms of cystine, that is as the quantity 
of cystine  that  would  have  the  same  sulfur  content,  the  amount  of 
cystine being expressed as per cent of the total amount of protein. 
1.  Cystine content of serum albumin--5.6 per cent. 
2.  S-S  groups  of  denatured,  non-reversed  serum  albumin--5.46, 
5.21, 6.08, 6.03--average 5.7 per cent. 
3.  S-S  groups  of  partially  reversed  serum  albumin--3.37,  2.81, 
2.97--average 3.05 per cent. 
4.  S-S groups of  native serum albumin--l.42  per cent. 
5.  S-S  groups  appearing  on  denaturation,  (2)  minus  (4)--4.28 
per cent. 
6.  S-S groups disappearing on partial  reversal,  (2) minus  (3)--2.65 
per cent. 
7.  Per cent of  the  S-S groups  appearing on denaturation  that dis- 
appear on partial reversal, 6.5--62 per cent. 
8.  Per cent of the denatured insoluble protein that becomes soluble 
on reversal--65 per cent. 
IlL  Surface Coagulation of Egg Albumin 
Coagulated albumin was prepared by dissolving an ammonium sulfate precipi- 
tate of crystalline egg albumin, which  contained about 3 gin.  of protein, in 500 
cc. of water, and shaking the solution in a 2 liter bottle.  The bottle was shaken 
in a cold room at about 5  ° for 20 hours.  Coagulation was complete, for when a 
little of the suspension  was filtered  it was found that no precipitate appeared in 
the filtrate on addition of trichloracetic acid.  The suspension was centrifuged, 
most of the protein forming a cake at the surface.  By rubbing the precipitate 
with a rubber policeman, its physical state was changed so that when suspended 
in water and centrifuged nearly all of it settled to the bottom of the flask. 
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was washed free of salt with trichloracetic acid, dehydrated, and dried.  Each of 
the other parts of the precipitate  was placed in a  250 cc. centrifuge bottle and 
suspended  in  100 cc. M/5 pH 9.6 borate buffer.  To one suspension was added 
15 cc. ~/2 potassium  ferricyanide and to the other 25 cc. of ~/2 sodium iodoace- 
tate (iodoacetic acid neutralized  to phenol red with NaOH).  Mter standing  for 
1~ hours with occasional agitation both bottles were filled with water and cen- 
trifuged.  The supernatant fluids, in which no precipitates  appeared  on addition 
of trichloracetic  acid, were discarded.  The albumin  that had been treated with 
iodoacetate  was washed free of iodoacetate  with  trichloracetic  acid, dehydrated, 
and  dried.  The  albumin  containing  potassium  ferricyanide  was  washed  until 
the yellow color of ferricyanide disappeared.  This was done by stirring  the pre- 
cipitate  with 250 cc. of water,  adding 1 cc. of saturated sodium chloride solution 
to  accelerate  sedimentation  of  the  precipitate,  centrifuging,  and  then  stirring 
with water again.  Mter removal  of ferricyanide  the albumin  was washed with 
trichloracetic  acid  to remove salt,  dehydrated, and dried. 
Native egg albumin  was treated with iodoacetate  and with ferricyanide.  In 
200 cc. of an ~/5 pH 9.6 borate buffer  2 gm. of albumin  were dissolved.  To 
half of this solution was added iodoacetate  and to the other half was added ferri- 
cyanide in  the  concentrations  described  above.  Mter  standing  11/~ hours  the 
extent to which the protein  SH groups had reacted was determined.  In the prep- 
aration containing  ferricyanide this was quickly done by testing for ferrocyanide. 
None was present  for when ferric chloride was added no prussian  blue appeared. 4 
The albumin treated with iodoacetate  was diluted  to 200 cc. with water and then 
precipitated  by addition of trichloracetic acid.  The precipitate  was washed with 
trichloracetic  acid,  dehydrated, and dried. 
RESULTS 
The various dried albumin preparations which have been described 
were hydrolyzed and  the  cysteine contents of the hydrolysates were 
estimated.  The diminution in cysteine content of those preparations 
treated with iodoacetate and ferricyanide is a  measure of the number 
of reactive  SH groups, which are  recorded in  terms of cysteine: 
1.  Cysteine content of egg albumin--0.59 per cent. 
2.  Cysteine  content  of egg  albumin  coagulated  by  shaking--0.55 
per cent. 
3.  Cysteine content of coagulated egg albumin, after reacting with 
iodoacetate--too little for accurate estimation. 
4.  Cysteine content of coagulated egg albumin after reacting with 
potassium  ferricyanide--too  little  for  accurate  estimation. 
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5.  Cysteine  content  of  native  egg  albumin  after  reacting  with 
iodoacetate--0.57  per cent. 
6.  SH groups of coagulated  egg albumin,  that  is,  (2)  minus  (3)  or 
(4)  0.55  per  cent. 
7.  SH groups of native egg albumin  as shown by the reaction with 
iodoacetate,  that is,  (1) minus  (5)--none. 
8.  SH groups of native egg albumin,  as shown by the reaction with 
ferricyanide--none,  for no  ferrocyanide was  formed. 
IV.  Coagulation of Egg Albumin by Irradiation with  Ultraviolet Light 
A I per cent albumin solution was prepared by dissolving an ammonium sulfate 
precipitate of crystalline egg albumin in water.  10 cc. of the solution in a shallow 
layer were radiated with a  mercury vapor lamp until approximately one-half of 
the albumin was coagulated.  During the radiation the temperature of the pro- 
tein solution was not allowed to exceed 35  °.  The coagulated protein was freed 
of soluble protein in the manner described above, in Section I  c.  When tested 
with nitroprusside and ammonium hydroxide, a portion of the coagulated protein 
gave an intense reaction for SH groups.  The rest of the coagulum was treated 
with  iodoacetate  the  excess  of which was  removed by repeated  washing  with 
trichloracetic acid.  The precipitate was neutralized  by suspending it in 50 cc. 
~/10 pH 7.0 phosphate buffer.  Mter centrifuging, no SH groups could be de- 
tected in the protein when tested with nitroprusside and ammonium hydroxide. 
V.  Denaturation of Serum Albumin by Urea 
A preparation of horse serum albumin (Anson and Mirsky, 1930-31) dialyzed 
free of ammonium sulfate contained 6.5 per cent albumin.  In 1 cc. of this solu- 
tion 1 gin. of urea was dissolved, and the solution was allowed to stand for 41/~ 
hours at room temperature.  20 gin. of anhydrous sodium sulfate were dissolved 
in 100 cc. of a pH 4.8 5/10 acetate buffer.  The urea-albumin solution was added 
to 40 cc. of the sodium sulfate solution.  The precipitate obtained was removed 
by filtration.  To 10 cc. of the filtrate were added 3 cc. of 20 per cent trichloracetic 
acid,  and  the  suspension was centrifuged.  The  superuatant  fluid,  which gave 
no  precipitate  on  further  addition  of  trichloracetic  acid,  was  discarded.  The 
quantity of albumin in the precipitate was estimated by the phenol reagent color- 
imetric method, using albumin as a standard.  It was 5.5 per cent of the quantity 
mixed  with  urea.  Urea  had  rendered  insoluble  94.5  per  cent of the  albumin. 
When 1 cc. of the original native albumin solution was added directly to 40 cc. 
of the sodium sulfate solution, no precipitate  was obtained. 
CONCLUSIONS 
1.  In native  egg albumin  no  SH groups are detectable,  whereas  in 
completely coagulated albumin  as many  groups are detectable  as are 438  S~ ANI) S-S GROUPS  OF PROTEINS. 
found in the hydrolyzed protein.  In egg albumin partially coagulated 
by heat the soluble fraction contains no detectable groups,  and the 
insoluble fraction contains the number found after hydrolysis. 
2.  In the reversal of denaturation of serum albumin, when insoluble 
protein  regains its  solubility, S-S groups which have been detectable 
in the denatured protein, disappear. 
3.  When egg albumin coagulates at an air-water interface, all the 
SH groups in the molecule become detectable. 
4.  In egg albumin coagulated by irradiation with ultraviolet light, 
the same number of SH groups are detectable as in albumin coagulated 
by a  typical denaturing agent. 
5.  When serum albumin is denatured by urea, there is no evidence 
that S-S groups appear before the protein loses its solubility. 
6.  Protein  denaturation  is  a  definite chemical reaction: different 
quantitative methods agree in estimates of the extent of denaturation, 
and the same changes are observed in the protein when it is denatured 
by different agents.  A protein molecule is either native or denatured. 
The denaturation of some proteins can be reversed. 
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